Linking the nutritional status of Streptococcus pyogenes to alteration of transcriptional gene expression: the action of CodY and RelA.
In this investigation, we identify the CodY protein from Streptococcus pyogenes as a pleiotropic transcription regulator with global features. The notion that acquisition of nutrients by this polyauxotrophic organism is the primary event occurring during the establishment of infection and that virulence expression is a result of this quest, led us to study the action of codY and relA genes on transcriptional gene expression under different nutritional conditions using complex and chemically defined media. Real-time reverse transcription PCR was used to determine the extent to which inactivation of codY and relA affects the mRNA levels of selected transcription factors, virulence genes, transporters, and genes encoding metabolic enzymes. The results show that CodY and RelA did not affect the expression of each other but that both exhibited strong negative autoregulatory properties. Genes negatively controlled by the relA-directed stringent response to amino acid starvation included, besides relA itself, transporters, metabolic enzymes, and at least two virulence genes (graB and speH). The expression of many genes of all four groups studied proved to be subject to direct or indirect control by CodY, often in a nutritional status-dependent fashion. One of the most important results implicates CodY in growth phase-dependent positive transcriptional regulation of pel/sagA and mga, loci that themselves positively affect the expression of numerous virulence factors. Increasing the cellular activity of nicotinamidase in both a codY mutant and wild-type background induced extensive transcriptional reprogramming, altering, among others, the growth phase-dependent transcription pattern of the genes for cysteine protease (speB) and several transporters. Inasmuch as CodY influenced the expression of other regulators (pel/sagA, mga, covRS, ropB, pyrR), its action is amplified and expands the complex regulatory network that governs gene expression in S. pyogenes.